Abstract There is increasing evidence that invasive species are threating montane ecosystems globally. However, trends in species distribution are difficult to observe directly due to a lack of data with suitable spatio-temporal resolution. Here, we aimed to detect spatio-temporal trends in exotic plants in a montane ecosystem, and to determine which drivers had a role affecting these trends. Each year, for a period of 7 years, we recorded the upper elevational range limit of exotic plant species in road verges along an elevational gradient of 1500-2874 m a.s.l. in southern Africa. We fitted repeated-measures ANOVA models to test if upper elevational range limits changed over time. Generalized least squares models showed that exotic richness of annuals increased by 3.9 species per year. Also, the upper elevational range limits of established exotics ascended by 24.5 m/year for annuals (N = 17 species), and by 9.7 m/year for perennials (N = 26). These upward trends were too rapid to be explained by slow-acting drivers such as climatic change or time since species introduction. The rates of increase indicate that many exotics were not yet in equilibrium with the environment and, therefore, had not been in the region long enough to have filled their potential niches. Exotic species could reach much higher elevations than expected, indicating that current prediction models are likely an underestimation of potential distributional ranges. The spatial clustering of upper elevational range limits around potential points of introduction indicates ongoing human-mediated propagule pressure as the major cause of rapid exotic range expansion, especially along roads and near dwellings. Montane road Electronic supplementary material The online version of this article
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Introduction
Invasive alien species are a major global concern due to their widespread negative impacts on biodiversity and agriculture (Convention on Biological Diversity 2002; McGeoch et al. 2010) . These impacts are likely to be exacerbated by anthropogenic drivers such as habitat conversion, propagule movements, and global climate change (Beaumont et al. 2011) . Globally, scientists and conservation decision makers therefore aim to curb the spread and impact of invasive alien species (Convention on Biological Diversity 2002). For example, parties to the Convention on Biological Diversity are committed to take adequate measures to block pathways of introduction of new exotics, and to limit further spread of established invasive alien species (sensu Richardson et al. 2000) . To assess if counter measures are successful, there is an ongoing need to cost-effectively detect trends in invasive species in both space and time (McGeoch et al. 2010) . Recently, various datasets have been developed or collated in an attempt to provide baseline information on the current distributional range of invasive or exotic species at a regional or continental scale (Beck et al. 2013 ). An inevitable downside of such datasets is that their accuracy is biased towards areas and time periods with a high collection intensity (Kalwij et al. 2014a) . As a result, these datasets do not have a sufficiently high spatiotemporal resolution to relate trends in species distribution to certain environmental drivers (Pyšek et al. 2011) . This limitation in the data is particularly noticeable in our knowledge and understanding of invasive species in montane ecosystems (McDougall et al. 2011; Kueffer et al. 2013 ).
Montane ecosystems are important reservoirs for global taxonomic and genetic diversity (Lomolino 2001) , evolutionary centers and refugia in times of rapid climate change , and important sources of ecosystem services (Gret-Regamey et al. 2012) . For example, tropical montane ecosystems are notably important areas of global biodiversity due to an elevation-related range of environmental conditions and relatively stable climates (Kier et al. 2009 ). Anthropogenic climate change, however, is predicted to be too fast for slowadjusting species to adapt, or for slow-dispersing species to migrate to an available area with suitable environmental conditions (Thuiller et al. 2005; Beaumont et al. 2011 ). Climate change is therefore considered to be a leading threat to the intrinsic conservation value of mountain ecosystems globally.
Invasive species are often considered not to be a major threat to montane ecosystems due to the harsh environmental conditions at high elevations and a relatively low introduction rate of exotic propagules (Millennium Ecosystem Assessment 2003; Pauchard et al. 2009; Kueffer et al. 2013) . For example, a global survey of 13 mountain areas across all continents (except Antarctica) revealed that 49 % of exotic species in lowlands were also found in the adjacent mountainous areas, even though this was likely an underestimation due to the lack of comprehensive local checklists of exotics (McDougall et al. 2011) . A lower number of exotic species in a mountainous area, however, should not be misinterpreted as a high resistance to plant invasions (Pauchard et al. 2009 ). This is especially true for many exotics that have not yet occupied all suitable regions in their introduced range (Alexander and Edwards 2010) . Whether an introduced species will successfully invade a montane ecosystem depends on a range of factors such as species plasticity, local disturbance regime, biotic and abiotic resistance, and propagule pressure McDougall et al. 2011; Molina-Montenegro et al. 2012; Seipel et al. 2012; Van Rensburg et al. 2013) . The lack of adequate datasets on the distributional range of exotics, however, makes it difficult to disentangle the relative importance of each of these factors.
Elevational gradients are widely used as natural landscape experiments to provide insights into the role of climate and other factors in the upward spread of species (see e.g. Becker et al. 2005; le Roux and McGeoch 2008; Alexander et al. 2011) . A change in the environmental conditions for a given species may be reflected in a change in the species distributional range. Climate change, for example, can result in indigenous species undergoing upward range expansion, upward range shift, or range contraction (Parmesan 2006; le Roux and McGeoch 2008; Lenoir et al. 2008; Walther et al. 2009 ). An underlying assumption of such studies is that species have already occupied their potential range, and that range expansion keeps pace with climate change. For exotic species, however, this assumption does not hold since many are still in the process of colonizing their potential niche (Wilson et al. 2007 ). In addition, the rate at which a potential niche becomes occupied depends on a range of indirectly measured or reconstructed variables, such as residence time and propagule pressure (Becker et al. 2005; Pyšek et al. 2010 Pyšek et al. , 2011 le Roux et al. 2013) . Species distribution data therefore need to be sufficiently detailed to detect spatio-temporal trends (Pauchard et al. 2009; Walther et al. 2009 ). However, data that are typically being used, such as atlas data or herbarium records lack the temporal precision and coverage to meet this need (Pyšek et al. 2011; Kalwij et al. 2014a) , especially for inconspicuous exotics in montane ecosystems (Walther et al. 2009 ). Instead, repeated observations on exotics across an elevational gradient could be used to detect trends in distributional range and to gain better insights into the underlying mechanisms of range expansion.
In this study we document spatio-temporal trends in the richness and upper elevational limits of exotic plants in a montane ecosystem. We expect no change in upper elevational limits for exotic species that are in ecological equilibrium and that have already reached their potential distributional ranges. However, we expect upper elevational limits to ascend for exotic species that have not reached their full potential range. We also expect exotic species richness to increase if more species colonize the area than go extinct. Such patterns are expected to be more prominent for annual lifeforms than for perennials given the larger amount of propagules and quick generation turnover time of annuals. Since propagule pressure and disturbance are important drivers in the spread of exotic species, we expect upper elevational limits to be in close proximity to a potential point of introduction (Kalwij et al. 2008) . We tested these expectations by monitoring the upper elevational range limits of all exotic plant species along an elevational gradient of 1500-2874 m a.s.l. over a period of 7 years, and by measuring the distance between upper elevational limits and potential points of introduction. This repeated monitoring enabled us to provide direct observations of annual rates of change in upper elevational limits and in the colonization success rate of exotic species in a new habitat. We then discuss the potential susceptibility of montane ecosystems to invasion and the role of environmental drivers, such as anthropogenic propagule pressure and disturbance.
Methods

Study area
Our study area was a 20-km road running through a largely pristine mountain valley located in the southern region of the Maloti-Drakensberg covering an elevational gradient of 1500-2874 m a.s.l. The natural vegetation mostly consisted of montane grasslands and was part of the uKhahlamba/Drakensberg Park; a UNESCO world heritage site characterized by, amongst others, pristine rolling grassland valleys harboring an exceptional high diversity of flora and fauna (UNESCO 2011). Average annual precipitation varied from 862 mm in the lowlands to 768 mm at the top, the majority falling during summer (OctoberMarch; Nel and Sumner 2008) . During our sampling period, the monthly average soil temperature ranged from 6.8 to 14.8°C at 3000 m a.s.l., and from 13.1 to 22.2°C at 1500 m a.s.l. (Bishop et al. 2014) .
The 20-km road is the only road through the area, connecting the lowlands of South Africa with the highlands of eastern Lesotho. Starting from South Africa this road gradually climbs from 1500 m a.s.l. over a distance of 20 km, with sharply ascending hairpin bends as it reaches the international border at 2874 m a.s.l. (Fig. 1) . Some 13 km into Lesotho the road reaches the Kotisephola Pass at 3240 m a.s.l. before continuing towards the town of Mokhotlong. The Sani Pass was originally opened as a bridal path in 1913, with only 4 9 4 vehicles using it since 1948. Currently almost 1000 4 9 4 vehicles drive up the pass monthly, and this number of vehicles did not vary significantly during the sampling period (988.3 vehicles per month ± 30.8 SE; Appendix A in Supplemental Material).
Upwards shifts of exotics 3519
There are only four groups of buildings located along the 20-km road, namely a bus stop, a cluster of tourist cottages, a border check point, and a second border check at a rural village (Fig. 1 ). All visitors to the area, including travelers in transit, must stop and disembarked at both check points for immigration purposes. Previous surveys indicated that many exotics were spatially associated with such places of ongoing and strong presence of human activities (Kalwij et al. 2008 (Kalwij et al. , 2014b Steyn 2014) . Therefore, each of these groups of buildings was considered as a potential point from which exotic plants were introduced to the area.
Sampling of exotics
Data on the upper elevational range limit of exotic plants were collected from 2008 to 2014. Sampling aimed at annually detecting the upper elevational range limit of all exotic species in the area. An earlier study conducted in the same area indicated that such sampling was best done by monitoring the road verges of the 1500-2874 m gradient section on the South African side only (Kalwij et al. 2008) . Therefore, annual monitoring involved a team of experienced observers walking down this entire 20-km stretch of road and surveying the verges of both sides of the road for the presence of exotics. Road verges consisted of a distinct zone varying between 0.5 and 4.0 m adjacent to the road and liable to be disturbed by road maintenance activities or road-related water run-off. For each exotic species in these verges the three highest occurrences were recorded using a handheld GPS (Garmin 60CSx). We recorded all exotic individuals as an occurrence, irrespective of whether they were likely to persist. To determine which species had their upper elevational range limit outside this annually-sampled gradient, we sampled the 2874-3200 m gradient in a similar way in 2012. Specimens were collected for future reference and, if deemed necessary, their identification confirmed at the herbarium of the South African National Biodiversity Institute (SANBI). For the nomenclature and life form categorization we followed Germishuizen and Meyer (2003) .
Since the vertical accuracy of a GPS can vary considerably in mountainous areas we extracted elevation data from the Shuttle Radar Topography Mission (SRTM, version 4). This digital terrain model has a spatial resolution of 3 arc-seconds and a vertical accuracy of c. 9.8 m in Africa (Jarvis et al. 2008) . A comparison of this digital terrain model with a calibrated barometric altimeter showed a vertical accuracy of 7.1 m for the steepest zone, which we considered as sufficiently accurate for the purpose of this study. Sampling between years was conducted consistently during the second half of January, i.e. mid-summer. This minimized the change of seasonal variation between sampling events, while maximizing our chances of recording plant specimens that could be identified to species level.
Sampling effort and observer experience are known factors affecting data quality, especially in the detection of rare, inconspicuous, or species with lowdensity populations (Fitzpatrick et al. 2009; Moore et al. 2011) . To ensure optimal observer accuracy, field work was spread across three consecutive days to avoid tiredness. To keep sampling bias to a minimum, sampling was done by teams of a minimum of six people always including the first two authors of this study.
Data analysis
We used a paired t test to compare our observed upper elevational limits with the expected, known upper elevational limits for each species (sensu Kalwij et al. ). These expected elevational limits were based on the databases and checklists of the national herbarium, and are the most comprehensive and upto-date datasets available for the study area. To determine if the number of exotics increased over time we fitted linear models using generalized least squares (GLS). These models were based on a restricted maximum likelihood estimation using a first-order autoregressive correlation structure to adjust for temporal autocorrelation (Piepho et al. 2004 ). Models were fitted using all exotic species, and for annuals and perennials separately.
To test if upper elevational range limits had changed over time we fitted a factorial repeatedmeasures ANOVA model. For this analysis we used a subset of the exotic species data found in each of the seven consecutive years as the within-subjects factor, and rank of the highest, second highest, and third highest observation as the between-subjects factor. We ensured elevational observations met the requirement of normal distribution at each time point. Since observations did not meet the assumption of sphericity, we adjusted the degrees of freedom downwards using the conservative Greenhouse-Geisser estimate (Mauchly's test of sphericity; Quinn and Keough 2002) . To estimate the slope of trends in upper elevational limits for both lifeforms (annuals and perennials) and for each of the individual species, we fitted similar GLS models as for the richness trend analysis. We also tested a sigmoidal model for both annuals and perennials, which showed a similar pattern and Akaike information criterion value as the linear GLS models. However, we considered linear GLS models as the most appropriate models given the temporal autocorrelation between observations and the spatiotemporal scale at which species dispersal was likely to occur (Wagner and Fortin 2005) .
Proximity to dwellings was used as a spatially explicit estimation of local propagule pressure (Kalwij et al. 2008; Gavier-Pizarro et al. 2010 ). We measured the average Euclidean distance between each highest observation and the location of the nearest group of buildings as potential point of introduction. We then calculated the average Euclidean distance for each life form group, and then tested if observations were spatially associated with dwellings as compared to a sample of 10,000 randomly located points along this road.
To determine if temperature changed over time we used the temperature data from Bishop et al. (2014) , supplemented with successive temperature observations to cover the entire sampling period. Temperature data were recorded every 1.0-1.5 h using a pair of Thermocron iButtons (DS1921G/DS1922L, Semiconductor Corporation, Dallas/Maxim, TX, USA) buried 10 mm below the soil surface at 300-m elevational intervals. Summer temperature was calculated as the average temperature for the month January, while winter temperature was calculated as the average temperature for the month September. We then fitted GLS models to the observations for each season and elevational zone separately.
For the GLS analyses we used S-Plus 8.0 (Insightful, Seattle, WA). For all other statistical analyses we used SPSS 20.0 (SPSS, Chicago, IL).
Results
We found a total of 104 exotic plant species over a 7-year period (Appendix B in Supplemental Material). The paired t test showed that, based on the databases of the national herbarium, the average upper elevational range limit of annuals was 432 m higher than previously recorded (t = 5.354, df = 39, P \ 0.0001), but not so for the perennials (t = 1.820, df = 45, P = 0.075). Ten exotic species were observed in the 2874-3200 m gradient. This gradient was not monitored annually and these species have, thus, been excluded from the trend analysis. For future reference, however, these observations were retained in Appendix B in Supplemental Material. Although the exotic species composition showed some variation between years, e.g. due to recent road-maintenance activities or erosion, nearly half of the species were consistently recorded in each of the observation years. The number of exotic species observed per year increased significantly for annuals ( Fig. 2 ; slope = 2.6; t = 6.070, P = 0.0018). No significant annual increase in richness was observed for total exotic species richness (P = 0.1355), or for perennials (P = 0.4739).
The repeated-measures ANOVA indicated a significant effect of time on the upper elevational range limit of annuals (F = 5.831, df = 3.566, P \ 0.001), but no interaction between rank of highest observation and time (F = 0.282, df = 7.132, P = 0.962). We found the same trends for perennials: a significant effect of time (F = 3.489, df = 2.949, P = 0.018), but no interaction between rank of highest observation and time (F = 0.277, df = 5.897, P = 0.945). The GLS models showed that, from 2008 to 2014, the average rate of ascent for annuals was 24.5 m/year ( Fig. 3a ; t = 2.957, P = 0.0081), and for perennials 9.7 m/year ( Fig. 3b ; t = 2.942, P = 0.0084).
We found more ascending annuals than perennials (Table 1 ; Appendix C in Supplemental Material). Also, the rate at which annuals were moving up in elevation was higher than for perennials. For example, annual species Bidens pilosa, Persicaria lapathifolia and Verbena brasiliensis experienced rates of ascent of 61-124 m per year. In contrast, the fastest ascending perennials were Cotoneaster franchetii, Pennisetum clandestinum and Rubus cuneifolius with rates of ascent of 11-31 m/year. One species was identified as a descending species, namely Acacia decurrens. This descent was caused by a control program on invasive Acacia species in the area between 2013 and 2014.
The repeated-measures ANOVAs showed that the distances between observations and potential points of introduction did not change over time (all P values [0.05). Randomly generated points along the road (as an approximation of an expected distribution of observations) were at an average distance of 1630 m from a dwelling. The t tests showed that, compared to random, both annuals and perennials were spatially associated with potential points of introduction; this pattern showed a higher degree of spatial aggregation for perennials than for annuals (Fig. 4) . This result indicates that the upper elevational range limits of exotics were not observed at random locations along the road, but instead relatively close to a potential point of introduction.
The temperature data showed no significant trends in average summer or winter temperature in the higher Fig. 2 Exotic species richness for all life forms together (filled triangle), for annuals (filled circle), and for perennials (circle) from 2008 until 2014. The line represents the generalized least squares (GLS) model for annual richness against time, based on a restricted maximum likelihood estimation using a first-order autoregressive correlation structure (slope = 2.6; t = 6.070, P = 0.002). The GLS models for total species richness and perennials were non-significant (both P values [0.05) Fig. 3 Trends in upper elevational limits (mean ± standard error) against time for annuals (a) and perennials (b). Average elevational limits for the highest (filled circle), second highest (circle), and third highest (filled triangle) observations are displayed separately since these were interdependent observations, and separated along the horizontal axis for display purposes. The lines represent the generalized least squares (GLS) models for observed upper elevational limits against time (annuals: slope = 24.5 m/year, t = 2.957, P = 0.0081; perennials: slope = 9.7 m/year, t = 2.942, P = 0.0084) elevational zones (Table 2 ; 2100-3000 m a.s.l.). In the lower elevational zone (1500-2100 m a.s.l.) significant temperature decreases were observed but not consistently throughout the year. One temperature observation point in the lowland area (at 1200 m a.s.l.) showed a significant warming of the winter temperature. However, this point was at a distance of approx. 68 km from the study area.
Discussion
The observed increase in exotic richness of annuals and the rapid ascent of upper elevational limits exceeded our expectation. We showed that exotics, especially those of annual lifeform, continue to colonize the area and are still significantly expanding their distributional ranges at a rate measurable within a (Becker et al. 2005) , increased propagule pressure at high elevations (le Roux et al. 2013) , low biotic resistance (Pauchard et al. 2009; Van Rensburg et al. 2013) , facilitation (Richardson et al. 2000) , and disturbance (Pyšek et al. 2011 ). Below we discuss each of these factors in greater detail, and assess their likely role in our study system.
Climate change
There are studies with comprehensive data sets spanning both plants and animals, focusing mainly on native species, that show a general trend of species distribution moving upward in elevation due to broad impacts of climate change (Parmesan 2006; Lenoir et al. 2008) . None of these, however, report a rate of ascent in the range that we observed. For example, a re-survey study on the upper elevational limit of indigenous vascular plants on sub-Antarctic Marion Island ascended at a rate of 3.4 m/year, in response to a 1.2°C warming measured over a 40-year period (le Roux and McGeoch 2008) . Although temperature data are available for the current study area (Bishop et al. 2014) , we are cautious not to attribute climate to the changes in upper elevational limits of exotic plants over the relatively short time-span of our study of 7 years. Climate is generally measured over a much longer period of time, typically 30 years (McClean et al. 2005; Thuiller et al. 2005) . Moreover, the rate of change that we observed would be equivalent to a 1.6°C warming over a 7-year period (assuming a dry adiabatic lapse rate of 1.0°C decrease for every 100 m in elevation); such increase is improbable and cannot be ascertained within such short time-span (Kupfer and Cairns 1996) . Although a few consecutive warm years could mimic the long-term effects of Influence of local propagule pressure expressed as the Euclidean distance (mean ± standard error) from nearest potential point of introduction for the highest observation per species against time, and divided into annual (square) and perennial plant life forms (filled square). The horizontal dotted line indicates the expected distance from the nearest potential point of introduction, calculated as the mean of 10,000 randomly distributed points along the road climate change, especially for annual plants, our own temperature observations did not show a significant temperature increase for any of the elevational bands (Table 2) . Therefore, while we cannot exclude climate change as a contributing variable per se knowing that the Drakensberg region is likely to gain climatically suitable areas for many new species based on future climate change scenarios (McClean et al. 2005 ), climate change is unlikely to be sufficiently fast to be a main driving factor.
Residence time
Residence time of exotics, usually quantified as time since a species was first recorded in its new range, is a well-documented variable influencing the degree to which potential distributional ranges are occupied (Wilson et al. 2007; Wolmarans et al. 2010; Pyšek et al. 2011 ). An increase in exotic richness and ascending upper elevational limits might thus be attributed to recently introduced species still expanding their distributional ranges (Becker et al. 2005) . While the rapid increase in upper elevational limit of some species is a strong indicator that these species have not been in the region long enough to have reached their ecological equilibrium (Table 1) , we cannot reliably test minimum residence time as an explanatory variable for the observed trends. Determining a year of introduction is notoriously complicated due to the absence or incompleteness of historical introduction records (Wilson et al. 2007; le Roux et al. 2013) . This is especially true for unintentionally introduced species such as pests or inconspicuous weeds. Instead, herbarium records and historical plant checklists are used to determine a year of first observation. Such historical data, however, are often confounded by observer bias and sampling intensity (Wolmarans et al. 2010; Kalwij et al. 2014a (Wilson et al. 2007 ), even when considered at the spatial scale of an entire region or country. Consequently, the temporal precision and accuracy of minimum residence time of exotic species in southern Africa does not match that of our study design.
Propagule pressure
The spatial clustering of elevational range limits around dwellings is a strong indication that propagule pressure is a major driver in the range expansion of exotics (Huang et al. 2012; González-Moreno et al. 2014) . Indeed, the role of propagule pressure in biological invasions is considered the least contentious aspect responsible for the successful establishment and spread of non-native plants and animals (Richardson et al. 2000; Pyšek et al. 2010 ). We did not interpret dynamic elevational range limits-where the upper range limit increases in 1 year and then decreases the next-as an indication that species had reached their range limit. Instead, the high variation in exotic species composition between years indicates that not all introductions are successful, while the increase in exotic richness over time shows that colonization events outnumber extinction events. Although traffic density did not increase during the sampling period, propagules are still easily moved across large distances by vehicles, road maintenance vehicles, or even cattle (Richardson et al. 2000; Von der Lippe and Kowarik 2007; Pollnac et al. 2012) .
Since the study area is a major tourist attraction as well as an important international trade route, vehicle movement is a likely propagule dispersal vector for introducing new species from distant source populations. While livestock movement is another potential vector, animals are usually transported across the area on foot, making it more likely that livestock are a propagule dispersal vector for introducing new species from nearby source populations. We therefore suspect that the introduction of new exotic species originates from both distant and nearby source populations.
Disturbance
Intermittent disturbance events are a likely supplementary driver for the faster rate of ascent of annuals, when compared to perennials, and for the variation between years in establishment success. Disturbance, such as soil disturbance or nutrient enhancement, creates opportunities for new species to establish, but can also hamper species establishment if disturbance interrupts the seed regeneration process. This is especially applicable to annual plants in mountainous road-side verges, which are strongly affected by water run-off and intermit disturbance by erosion or road maintenance activities (Kalwij et al. 2008 Fenner 2001 ).
Limitations
A limitation of our study is that observations do not distinguish between self-sustaining populations and stochastic establishments outside of the species' fundamental niche; such comprehensive sampling was beyond the scope of this study. It is nevertheless important to note that an observation on the outer range limit of species does not necessarily mean that these observations represent the border of a species' ecological niche (Holt and Keitt 2005) . For example, while we have direct observations that many exotics can germinate and grow at much higher elevations than previously reported, we cannot be sure that these species can actually complete their life cycles at those highest elevations. In such cases, observations that do not represent self-sustaining populations are outside of their fundamental niches (Alexander and Edwards 2010) . Distribution models should thus be calibrated using records that represent the ecological niche of the species. These records should represent environments where the species is able to maintain a self-sustaining population. In spite of this restriction, observations from the periphery of a species range are widely used to study invasion dynamics in the realized niche or climate change related shifts in the fundamental niche of species (Holt and Keitt 2005; Alexander and Edwards 2010) .
Invasion outlook
The high rates of ascent that we observed on the upper elevational range limits are likely to slow down in the long term; either because species reach their potential peripheral range limit, or because of the elevational limit of the region. When an environmental equilibrium will be reached, however, is more difficult to predict. In African ecoregions temperature variability is relatively low. Therefore, the impact of increasing monthly temperature averages will have a relatively large impact in these ecoregions (Beaumont et al. 2011) . A consequence of such climate warming is that the potential range limits of exotics will move upwards. It is uncertain which other factors such as local adaptive evolution or phenotypic plasticity will play a role (Kirkpatrick and Barton 1997; Holt and Keitt 2005; Molina-Montenegro et al. 2012) . However, if we consider only those species that we have observed in all 7 years, and if the same sampling protocol were to be repeated in the distant future, then we expect that many species will have reached their potential range limits. This means that eventually all exotics will stop increasing in elevation, assuming that climate warming ceases at some point. The number of exotics, however, will continue to increase. Although we observed 104 exotics, which is about 10 % of the currently known exotics in montane regions (Pauchard et al. 2009; McDougall et al. 2011; Kueffer et al. 2013) , the species pool of exotic plants in South Africa contains some 8750 taxa (Ilrich et al. 2014) . Moreover, our observation that new species successfully colonize the area each year shows that this mountain region is not resistant to invasion by exotics, in spite of its high species richness (Fridley et al. 2007; Van Rensburg et al. 2013 ). This trend is especially worrying when it shows distributional range expansion of known invasive species such as Cotoneaster spp., Pennesetum clandestinum, R. cuneifolius and Verbena spp. (Carbutt 2012; Wilson et al. 2013) . The impact of exotics on the biodiversity of this region is therefore likely to increase for some time to come.
Conclusions
Long-term monitoring programs, i.e. repeated surveys over a 10-year period or more, are notably scarce (Lindenmayer et al. 2012) . Although this study does not meet the 10-year time-span of a long-term study sensu Lindenmayer et al., it is the first to implement an annually repeated monitoring of elevational limits for exotics plants in a montane ecosystem. In spite of the relatively short time-span of 7 years in this study, we found unprecedented annual increases in the upper elevational range limits of exotic plants. The rates of increase indicate that many exotics were not yet in equilibrium with the environment and, therefore, had not been in the region long enough to have filled their potential niches. Exotic species could reach much higher elevations than had previously been recorded, indicating that current prediction models are likely an underestimation of potential distributional ranges. The spatial clustering of upper elevational range limits around potential points of introduction indicates ongoing human-mediated propagule pressure. This environmental driver is one of the major causes of rapid exotic range expansion, especially along roads and near dwellings from a local species pool of exotics, some of which are potentially transformer species (Kalwij et al. 2014b) . Montane road verges are regularly disturbed by erosion and maintenance, creating unoccupied habitats, while traffic in the form of vehicles and tourists facilitates the introduction of new species. This suggests that easily accessible montane ecosystems are much more susceptible to invasions than previously assumed, due to a combination of anthropogenic disturbance and ongoing propagule pressure (Pauchard et al. 2009; Kueffer et al. 2013; Pollnac and Rew 2014) .
